The Tween 80 assay to detect lipolytic activities in agar media was evaluated. A spectrophotometric assay for Tween 80 hydrolysis was established. The specific activities with Tween 80, as well as with some conventional lipase-type and esterase-type substrates, were measured using several lipases and esterases. The activity with Tween 80 was similar to that obtained with p-nitrophenyl butyrate; the enzyme activities with both substrates were between the esterase and lipase categories.
Introduction
Tweens (fatty acid esters of polyoxyethylene sorbitan) have been the most widely used substrates for the detection of lipolytic microorganisms in agar media (Sierra, 1957; Emanuilova et al., 1993) , since chromogenic and fluorogenic substrates are not stable during the long incubation times required (Macrae, 1983) . The method is based on the precipitation, as the calcium salt, of the fatty acid released by hydrolysis of Tween.
Nevertheless, some uncertainty remains concerning the character of Tweens as lipolytic substrates. There are several reports of Tweens for assay of lipase (Lonon et al., 1988) , assay of esterase (Gilbert et al., 1991) , and in some cases for a ''Tweenase'' or a ''Tween-hydrolyzing '' activity (Tomioka, 1983) .
Apart from constituting an opacity test to detect lipolytic activity in plates, Tween hydrolysis has been quantified titrimetrically, chromatographically and turbidimetrically (von Tigerstrom and Stelmaschuk, 1989) . Among the Tween family, Tween 80 (the oleic acid monoester of polyoxyethylene sorbitan) is the most widely used to detect lipolytic activities in agar media. Therefore, a better knowledge of the appropriateness of Tween 80 as a substrate for lipases and esterases is of great interest. Recently we presented a new method for detecting lipase activity on ultrathin-layer isoelectric focusing gels using Tween 80 (Nuero et al., 1994) .
The most generally accepted procedure for the assay of lipase activity is the hydrolysis of emulsified triacylglycerols (tributyrin, triolein and olive oil), whereas soluble esters of short-chain fatty acids are commonly used to assay esterase activity. For spectrophotometric detection of lipase activity the most common substrates are p-nitrophenyl esters of lauric or palmitic acid, and p-nitrophenyl acetate is commonly used for determining esterase activity, whereas p-nitrophenyl butyrate, in spite of its esterasic character, is being used by many researchers for assaying lipase activity.
In this paper, we have measured the activity of several hydrolytic enzymes (lipases and esterases) with Tween 80 using a turbidimetric method. The Tween 80-hydrolyzing activity was compared with: lipase activities with tributyrin, triolein or olive oil; esterase activity with pnitrophenyl acetate; and p-nitrophenyl butyrate hydrolyzing activity, which is considered as an intermediate substrate for lipase and esterase.
Materials and methods

Materials
Tween 80 was purchased from Scharlau. Lipase substrate, triolein, tributyrin, p-nitrophenyl acetate (p-NPA), pnitrophenyl butyrate (p-NPB), sodium oleate, lipases from Candida cylindracea (now named C.rugosa) and Chromobacterium viscosum, esterases from porcine liver and rabbit liver were all purchased from Sigma. Lipases from Rhizopus sp., Humicola lanuginosa, Aspergillus usamii and from porcine pancreas were from Enzymatix Ltd, UK. Lipozyme® 10.000L (lipase from Mucor miehei) was kindly provided by Novo Nordisk. Lipase from Pseudomonas sp. (lipase PS) was from Amano. Triton X-100 was from Fluka. All others reagents were of the purest grade available.
Purification of lipase from C. rugosa
The crude lipase was suspended in 0.25 M phosphate buffer (pH 7.0), kept stirring for 90 min and centrifuged at 17000 ϫ g for 20 min at 4°C. The supernatant was further purified into isoenzymes A and B according to a described procedure (Rua and Ballesteros, 1994) .
Standard curve for calcium oleate To a solution containing 1% (w/v) Tween 80 and 80 mM CaCl 2 in 20 mM Tris/HCl (pH 7), increasing volumes of a 90 mM sodium oleate solution in 20 mM Tris/HCl (pH 7) were added. The absorbance at 450 nm due to the cloudiness of the in situ formed calcium oleate was measured.
Enzyme assays
For all the substrates assayed, reactions were carried out at 25°C. Buffers were used at the optimum pH for enzyme activity.
The hydrolytic activity towards p-nitrophenyl butyrate and p-nitrophenyl acetate was determined spectrophotometrically. The assay mixture (3 mL) contained 0.4 mM substrate in 10 mM phosphate buffer, including 5% acetone. Initial rates were estimated by measuring the increase in the absorbance at 346 nm -the isobestic point of the p-nitrophenol/p-nitrophenoxide couple -and considering the molar extinction coefficient as 4800 M -1 cm -1 . One unit (U) of enzyme activity was defined as the amount of enzyme that liberates 1 mol of p-nitrophenol per min.
Lipase activity using tributyrin was assayed titrimetrically in a pH-stat using 50 mM NaOH; the reaction mixture contained 68 mM tributyrin, 0.1 M NaCl, 0.1 M CaCl 2 , 1 mM Tris-HCl and 3% acetonitrile. Lipase activity with triolein was measured according to the method described by Peled and Krenz (1981) ; the reaction vessel (10 mL) contained 4.9 mM triolein, 0.4% Triton X-100 and 0.1 M NaCl. Activity using the lipase substrate from Sigma (olive oil emulsified with arabic gum) was measured by diluting 100 L in 10 mL of a solution containing 0.1M NaCl, 0.1M CaCl 2 , 1 mM Tris-HCl. In these assays, continuous titrations were carried out using a pH-stat from Radiometer. One unit of enzyme activity was defined as the amount of enzyme that liberates 1 mol of fatty acid per min.
The activity with Tween 80 as substrate was measured spectrophotometrically at 450 nm using 1% (w/v) Tween 80 in 20 mM Tris-HCl, containing 80 mM CaCl 2 . After the addition of the enzyme, the increase in absorbance was monitored as a function of time.
Other methods Protein concentration was determined by the Lowry method with bovine serum albumin as standard.
Results and discussion
Firstly, we developed a reliable spectrophotometric method to determine the activity with Tween 80 based on the plate assay described by Sierra (1957) . A standard curve for the water-insoluble calcium oleate, in the presence of 1% Tween 80, was established. The calcium oleate was produced in situ, as described in Materials and Methods, and the optical density at 450 nm was recorded (Fig. 1) . The fact that at low concentrations of calcium oleate (Յ0.05 mM) the increase in scattering is almost negligible seems to indicate that the calcium oleate is partially miscible with the substrate micelles. This may explain, in part, the lag times that are observed in the Tween 80 assay with all the enzymes tested (see inset to ). Since one mol of calcium oleate contains two moles of fatty acid, this was taken into account to calculate the activity with Tween 80 (expressed in mol oleic acid produced per min).
For the turbidimetric assay with Tween 80, a concentration of 80 mM in Ca 2ϩ was found to be optimal. The enzymatic hydrolysis of Tween 80 was also followed by continuous titration of the fatty acid formed, in presence of Ca 2ϩ , using a pH-stat (results not shown). The enzymatic activities using the pH-stat compared well with those obtained with the turbidimetric assay. The trace of the curve showed in most cases a lag time. This implies that, as well as the effect caused by the partial miscibility of calcium oleate in presence of Tween, the lag may be related to an interfacial activation phenomenon of the enzyme in the presence of the Tween micelles. 
